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FOREWORD 


The Bureau of Mines Minerals Availability Program is assessing 
the worldwide availability of nonfuel minerals. The program identifies, 
collects, compiles, and evaluates information on active, developed, and 
explored mines and deposits, and on mineral processing plants worldwide. 
Objectives are to classify domestic and foreign resources, to identify 
by cost evaluation resources that are reserves, and to prepare analyses 
of mineral availabilities. 


This report is the first of a continuing series of MAS reports to 
analyze the supply of minerals from domestic and foreign sources. Analy- 
sis of supply from other minerals is currently in progress. Questions 
about the MAS program should be addressed to Director, Division of 
Minerals Availability, Bureau of Mines, 2401 E Street, NW., Washington, 
DIG. @Z0241% 
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ABS TRACT 


The Bureau of Mines evaluated the potential supply of primary copper 
from domestic mines and deposits and found that increases in copper price 
will be required in order for many domestic deposits to continue production. 
As part of the study, a tonnage-price relationship was developed indicating 
the quantity of copper that could be produced economically from known 
deposits at various copper prices and at various rates of return on the 
required capital investment. Costs of production are based on estimated 
capital and operating costs for mining, concentrating, transporting, 
smelting, and refining. Direct and indirect operating costs, recovery 
of investment, and return on investment have been included in the smelting 
and refining costs. Capital and operating costs are calculated in January 
1978 dollars, and byproduct credits are based on January 19/78 prices. 


Known domestic copper mines and deposits contain nearly 92 million 
metric tons of copper in about 14 billion metric tons of demonstrated 
mineralized material. These tonnages represent the current domestic copper 
reserve base. Approximately 74 million metric tons of copper are recoverable 
from the reserve base using existing technology. Of this quantity, slightly 
more than 50 million metric tons are economically recoverable assuming a 
price of $1.00 per pound of copper, credit for the recovery of byproducts, 
and a 15-percent rate of return on capital investment. Approximately 60 
percent of the copper occurs in mines that were producing at the time of 
the study. 
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INTRODUCTION 


Since World War II, the United States has become a major importer 
of many mineral commodities basic to an industrialized economy. Prior to 
World War II, the United States was virtually self-sufficient for its supply 
of copper and was a major exporter. However, because of world population 
growth and rising standards of living, competition for world supplies of 
raw materials has increased steadily during the last 30 years. Therefore, 
it is necessary that we continually appraise our mineral supply position, 
noting the conditions affecting the availability of these minerals from 
domestic sources. Personnel of the Bureau of Mines are continually 
analyzing the domestic supply and demand of copper to provide data for 
the formulation of mineral policy. 


This study, based on 1978 data, is an evaluation of domestic copper 
reserves. The objectives follow: 


1. To estimate the capital investments and operating costs 
for appropriate mining and concentrating methods. To 
determine the operating cost for toll smelting and refining. 

To estimate the transportation cost of intermediate products 
to a smelter and refinery. 

2. To evaluate the quantity and quality of domestic copper 
resources in relation to physical, technological, institutional, 
and other conditions that affect production from each deposit. 

3. To perform a cost analysis for each deposit. The results of 
these analyses indicate the unit prices and associated tonnages 
of refined copper that can be produced at specific prices. 

4, To combine and analyze the price-production relationships 
for all deposits to show the domestic copper production 
potential at various metal prices and at various returns 
on the capital investment. 


The data required for this study were developed at Bureau of Mines 
Field Operations Centers in Denver, Colo., Juneau, Alaska, Pittsburgh, Pa., 
and Spokane, Wash. Evaluators in these offices derived this information 
from company data, published data, and trips to the mines and deposits. 
When necessary, data were calculated by the evaluator. Select data are 
stored, retrieved, and analyzed in a computerized component of the Minerals 
Availability System (MAS). 


The Bureau of Mines has conducted minerals availability studies in the 
past that have become quickly obsolete with changes in the influencing 
factors. Previous Bureau of Mines studies of domestic copper resources 
were based on 1964 data (3)*% and 1970 data (2). Results of the current 
study differ from those of the previous studies because additional cost 
and resource data have become available. 


3Underlined numbers in parentheses refer to items in the list of references 
preceding the appendix. 
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FIGURE 1. - Flow chart of evaluation procedure. 


ESTIMATION OF COPPER RESOURCE AND COST DATA 


The flow of the MAS evaluation process from deposit identification 
to development of supply information is illustrated in figure oom! Wi as 
flowsheet shows the various evaluation stages required to make a determin- 
ation of the availability of copper from a property. 


Seventy-three domestic mines and deposits were selected for analysis 
in this study. Selection was limited to major, known deposits that had 
demonstrated copper reserves or resources. Reserves are material that 
can be mined, processed, and marketed at a profit under the economic and 
technologic conditions prevailing at the time of the evaluation. Resources 
are concentrations of naturally occurring solid, liquid, or gaseous materials 
in or on the Earth's crust in such form that economic extraction of a 
commodity is currently or potentially feasible. Most reserve and resource 
tonnage and grade calculations presented in this paper have been computed 
partly from specific measurements, samples, or production data and partly 
from projection for a reasonable distance on geologic evidence. Many of 
these estimates were listed in company publications. Tonnage estimates 
presented in this report are reported in metric tons. For converting from 
metric tons to short tons multiply by 1.10231. 


Using these reserve and resource estimates, the domestic copper reserve 
base was established. The reserve base is the in-place portion of demon- 
strated (measured and indicated) resources from which reserves are estimated. 
The reserve base includes resources that have the probability of being 
economically available and is composed of resource categories that are 
economic (reserves), marginally economic (marginal reserves), and sub~ 
economic (resources). The position of the reserve base within the class- 
ification of mineral resources is illustrated in figure 2. 


Approximately 40 percent of the properties analyzed were in production 
at the time of the study. These mines accounted for more than 95 percent of 
the domestic mine production of copper during 1978. About 60 percent of the 
copper reserve base occurs in properties that are currently producing. 


After a deposit was identified for inclusion in the supply analysis, 
an evaluation of the property was begun. For mines currently in produc— 
tion, the designed mining and milling production rates and capacities and 
other available production specifics were adapted for use in this study. 
For deposits not in production, appropriate mining and concentrating methods, 
production rates, and other production parameters were assumed. These evalu- 
ations were accomplished at Bureau of Mines Field Operations Centers in 
Denver, Colo., Juneau, Alaska, Pittsburgh, Pa., and Spokane, Wash. 


Information on the average grades, ore tonnages, and different physical 
characteristics affecting production from domestic copper deposits was obtain- 
ed from numerous sources, including Bureau of Mines and Geological Survey 
publications, professional journals, industry publications, annual reports, 
company 10K reports and prospectuses filed with the Securities and Exchange 
Commission, and data made available to the Bureau of Mines by private 
companies. The personal knowledge and judgments of Bureau of Mines engineers 
were utilized in many cases. 
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FIGURE 2. - Classification of mineral resources. 


Capital expenditures were calculated for exploration, acquisition, develop- 
ment, mine equipment, and for constructing and equipping the concentrating 
plant. Investments were included for working capital and for replacement of 
worn equipment. Operating costs for mining and concentrating include direct 
and indirect operating costs, taxes, insurance, transportation, and royalty. 
Costs for smelting and refining include direct and indirect operating costs, 
taxes, insurance, recovery of investment, and return on investment. 





TABLE 1. - Example of deposit information required for financial 
evaluation of a copper property 


Category description and units 


Exploration. . oi ccsccsce veces ns eGL,000 
band acquisitions «Scie. sig. $1 000 
Mining preparation...cceeeeeee Sl, 000 
Mine «plant. o sce cia eis selsiseiayee «ona, 9.5000 
Mine equi pment.coscscescceseeesS1, 000 
DOics <sleis o's 15s ols op as o.6 6 umes en eo UD 
Mine equipment reinvestment....$1,000 
DO ca Ses cose abuses 6s 6.0 se tse eel ,OUU 
NOre ees ere wee cu scot sit ete wee srl, Uk 
DOree ce tis wc ats sos soos ce ca ee eto sOUU 
DG iidte «ole « sewslae 6 oe slesevs ce eo ,QU0 
DGcia's sins « eithe miclsisle 04 belslolsiv inves ol, 0UG 
Mill plant and equipment.......$1,000 
WOEKI No. CADLT Al cS 00 sheer ae oglu 
Mine operating cost.....+....S/MI ore 
Mill (operating Costs. ..+<s.4-$/Miwore 
Ore mined per year......-.metric tons 
Copper: 
Feed grade..cccccccceeeee percent Cu 
Mill TrecOVery..cccceseevecs s percent 
Concentrate grade.......-percent Cu 
Smelter reCOVery..coceeeeee- percent 
Smelter grade.....6ee.ee-percent Cu 
Refinery recovery..eecccoee percent 
Smelter operating cost....$/MT conc 
Refinery operating cost 
Mit tene sere eases STROLL eter 
Transportation to smelter.$/MT conc 
Transportation to refinery 
HON eS ec Stee es fee S/MT* bkister 
Molybdenum: 
Feed grade.cocececvecseseepercent Mo 
Mill recovery...ccceeceeeee percent 
Concentrate grade.....---percent Mo 
PEUCE A x Gok the cs » 0s Wares ote ces) POUT 
Gold: 
Feed grade. .ee.s+06..tLoy,ounces/ MI 
Mill recovery..ccccceccceeee percent 
Concentrate grade....troy ounces/MT 
Smelter recovery......+eee--percent 
Selling: price.....+«.e«e$/troy ounce 
Silver: 
Feed grade...........troy ounces/MT 
Mill recovery....-ececceceees- percent 
Concentrate grade....troy ounces/MT 
Smelter recovery..........-.percent 


Selling price..........$/troy ounce 1981 1995 $4.93 


Year of occurrence 


Beg inning 


1978 
1980 
1979 
197.9 
i979 
19 80 
1984 
1985 
1986 
1967 
1990 
2991 
1979 
1981 
1981 
1981 
1981 


1981 
1981 
Rous 
1981 
1981 
1981 
1981 


1981 
1981 


1981 


1981 
1981 
1981 
1981 


1981 
1981 
1981 
1981 
1981 


1981 
1981 
1981 
1981 


Ending 


19:79 
1980 
1980 
1980 
1979 
1980 
1984 
1985 
1986 
1987 
1990 
19 Ox 
1980 
1981 
19:95 
1995 
19.95 


19953 
19:95 
ago 5 
4995 
19.99 
1995 
19:95 


1995 
19:95 


1999 


19°95 
1995 
19'95 
1995 


1995 
1995 
1995 
1995 
1995 


1995 
1995 
19'99 
1995 


Category 
value 


$470 
$538 
$1,791 
$898 
$2,286 
$2,846 
$604 
$632 
$955 
$2,292 
$1,198 
$1,244 
$18,703 
$2,366 
$1.450 
$1.700 


4,520,000 


0.43 
93.00 
28.00 
98.00 
98.00 
99.90 

$93.00 


$192.00 
$6.90 


$9.90 


0.013 

63.00 
50.00 
$4.01 


0.003 
90.00 
0.20 
95.00 
$173.69 


0.06 
90.00 
3.53 
95.00 
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FIGURE 3. - Location of domestic copper properties. (Numbers refer to the map index numbers in table 3.) 





A financial evaluation for each property was then performed. This was 
accomplished by personnel in the Minerals Availability Field Office in 
Denver, Colo. Using the data developed by the Field Operations Centers, 
files were built for computerized analysis of each property. Table 1 is an 
example of the type of data required for financial analysis. 


For properties not now in production, all capital costs were converted 
to January 1978 dollars. For mines currently producing, the undepreciated 
capital investment remaining in January 1978 was calculated. All reinvestment, 
operating, and transportation costs were converted to January 1978 dollars. 
Analysis was then performed, by computer, to determine the copper price neces-— 
sary for each deposit to receive 0- and 15-percent rates of return. (At a 0- 
percent rate of return, the deposit would recover its investment but would 
make no profit on the investment. At a 15-percent rate of return, the 
investment would be recovered and a 15-percent profit would be made on the 
investment.) Individual deposit tonnage-price data were then aggregated to 
construct the supply curves presented in this study. Analyses were conducted 
in terms of constant dollars. No escalation of either costs or prices was 
included since it was assumed that any increase in cost would be offset by 
an increase in price. Prices used for byproducts and coproducts are shown 
in table 2. 


Table 3 presents individual deposit information, by State, and figure 3 
shows the location of the properties. The numbers on the map refer to the 


deposit's map index number shown on table 3. 


Ownership and control data for each property are presented in table A-l 
in the appendix. 


TABLE 2. -— Byproduct and coproduct commodity prices 
Commodity Price, January 1978 


CO) Dal Comdnchs biG 6 s-6 oe afalniewls ate ole Ge wuss $6.40 per pound 
GOL Pitede Fae eceve <0 cdeteues)tiets leis ie) sacs 173.69 per troy ounce 


TEOrs. Sistea Oks eye 6 seliins so © oes eyele 36.42 per metric ton of pellets 
SET 7 Ro 2 emo Oner 0.33 per pound 
Molybdemuimirss.. +. sis eccscvccscves 4,01 per pound 

Bike BE S cche:s ols Nee: o/p einie: otel diate 2.08 per pound 

Pad ladies i815 4 ote Gules «20s 0 eter 60.00 per troy ounce 
Platinitheadscscssestontesces c¥itece 1897593. per “troy< ounce 
BeleniuMmAcess cccescevisceccsouses.e 10.50 per pound 

SE 1 VO Tie desis ele occ wise ss 6 ¥.6 os a ete 4.93 per troy ounce 

SUL Eira eta cetaragte S's 2 occ bs se ce ese wee 38.42 per metric ton acid 
BUDGE LEW ols sis'e «sp 'n.90 Whe hs sn a 3 orate 9.55 per pound 

PACE ON claic a ceceielsia o's Sie ce eee sls ©. 50 5 0.31 per pound 


1 Bureau of Mines. Minerals and Materials--a Monthly Survey. April 1978. 
2Derived by MAS from Bureau of Mines, company, and published data. 
’Engineering and Mining Journal, January and February 1978. 
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TABLE 3. - Property status, mining method, and reserve base data’ 


(Prd - producer: Dev - developed deposit: Exp — explored deposit: 
Ppd - past producer: OP - open pit: UG —- underground: L - leach: 
W - withheld to avoid disclosing individual company confidential data; 


included in “other properties:" NA - not available: NAp —- not applicable.) 
a eee 
Map Status® Mining Grade* Reserve base 
Property name index met hod (percent (thousand metric tons) 
No.? copper) Mineralized Contained 
material ° copper 
i cee ee le a ee eg ee ee eee 
Alaska: 
ATCCIG “CAMP s s,s 4s eat Exp OP/UG 4.00 30, 840 i ay a 
Bond Creek 
Orange Hille. os "2 Exp OP W W W 
BON LEG te hee 3 Exp UG 5.30 12,000 636 
Brady Glacier..... 4 Exp UG W W W 
Yakob? Tslands3%,. 5 29S Exp OP W W W 
Arizona: 
Bag daGa cis'c valea stone oO Prd OP 49 263,040 P28 
Prd OP “3 19,050 67 
B LUeb i Bdwts.cwgie sal’ | ot Prd li 49 58,900 289 
Casa, Grandés sass © Exp UG 1.00 317 ,460 3.445 
GUE TSEMNASs on dss eserkue Ppd OP 054 14 ,000 76 
Exp OP 043 9 ,000 39 
EXp UG e59 31,130 495 
Copper Basin. .....5 10 Exp OP oe 158, 730 873 
Cyprus Johnson 
Camp. sss. earewarre ihe Prd L «85 20,000 170 
Dubacher Canyon... 12 Exp L . 80 18,140 145 
EsperanZa.cccoecee 13 Ppd OP 42 195826 83 
Florence Conoco... 14 Exp OP aie, #300 1,769 
Exp i 32 226,800 726 
Helvetia East..... 15 Exp OP 54 305,670 1,651 
Exp L 5 19,950 110 
Helvetia West..... 16 Exp OP a8 12,470 97 
Inspiration Area... 1/ Prd OP -56 166,120 930 
LAKES HOLE oj 6: see LO Ppd UG of) 239,000 1,664 
Ppd UG ol od. 186,000 ee, 
Magma (Superior)... 19 Prd UG 4 oO 7,200 327 
Met@al ft. oss< oe shane” Prd OP es 353,110 2,754 
Milami> Pastas ccs eet Dev UG 1.95 49,890 973 
Miami Leach..eere. 22 Prd L W W W 
Mineral ‘Park. + «as s20 Prd OP ae 10) 44,940 135 


See footnotes at end of table. 
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TABLE 3. - Property status, mining method, and reserve base data? 


nn nnn SEU EEE U nIEIE EEnSEISRE IEEE ERS 


See footnotes at end of table. 


Map Status’ Mining Grade* Reserve base 
Property name index method (percent (thousand metric tons) 
No.? copper) Mineralized Contained 
material® copper 
RL ss ee ae ee | 
Arizona - 
continued: 
Mission 
San’ Xavierecsooe 24 Prd OP -60 246,120 1,477 
Morenci..csccecces 25 Prd OP - 81 555,010 4,496 
New Cornelia 
(AjO)s wees scree c 20 Prd OP 0.66 93,420 617 
Oracle Ridge...... 2/7 Dev UG 2.28 10,250 234 
OxSHIde. ces cewesss 20 Prd L 29 36,100 103 
Palo Verde..ccceee 29 Prd OP 63 141,950 . 894 
Peacock. eecescceee 30 Ppd OP ~50 18,140 91 
PALMS + scenes csicwn cca ol Prd OP 48 132,430 636 
Pinto Valley...... 32 Prd OP 45 272,000 1,224 
. Exp OP 034 136 ,000 462 
Rays css veces sucess. Oo Prd OP Le 595,430 4,704 
Red Mountain...... 34 Exp UG oh ik 100 ,000 710 
Sacaton, West..... 35 Prd OP -/0 19,170 134 
 EaStecese 35 Exp UG. igo 13,510 169 
Safford Inspira- : 
tion (Sanchez).. 36 Dev OP 40 181,400 726 
Safford Kennecott. 37 Dev L -50 453,600 2,268 
Safford Phelps 
Dodgesccccccccee 38 Dev UG ~/2 362,810 2,612 
San Manuel...eee-- 39 Prd UG -/0 416,000 pe: aly 
Kalamazo0e.ccecsss 39 Exp UG Aes 512,500 3,690 
Sierrita...eseenesy 40 Prd OP 532 417 ,090 a Wiis Be 
Bel ver Bell. eccess 41 Prd OP 66 23,640 156 
Twin Buttes. «esses 42 Prd OP 67 298 ,410 1,999 
Prd OP 1,10 51,700 569 
Van Dykescccccecee 43 Exp L -50 90,700 454 
Vekol Hills....... 44 Exp OP 254 95,000 513 
California: 
Lights Creek...... 45 Exp OP W W W 
Walker ss ise « js's 0 0 46 Ppd UG W W W 
Michigan: 
Presque Isle...... 47 Exp UG 1.27 95,240 13210 
White Pine........ 48 Prd UG 1.24 332,240 4,120 
Prd UG 1535 29 ,030 392 
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TABLE 3. - Property status, mining method, and reserve base data! 


a 


Map Status? Mining Grade* Reserve base 
Property name index met hod (percent (thousand metric tons) 
No.” copper) Mineralized Contained 
material’ copper 


a 


Minnesota: 
MiNMAMAXs scaen bat ce Oo Exp UG W W W 
Ely Spruceseveces 50 Exp OP W W W 
Montana: 
RULL@ ce seam nena ee eee Prd OP W W W 
Exp UG W W W 
Heddlesctona.ee satu ee Exp OP 0.48 84 ,350 405 
SL ILLIWAL@E senna sea oo Exp OP rp 136,960 342 
TLOs «gies ¢.altie ates «oat Dev UG /4 58,060 430 
Nevada: 
Hale «amis aes 6 ae 8 Exp OP W W W 
NEW RUCK sass sans "nm 0 Ppd OP 379 FA arden fe 170 
Ppd L 20 NA NA 
Victoria. saceeeee tol Ppd UG W W W 
YETingtonesceceses 0 Ppd OP W W W 
New Mexico: 
CU 2ROe esbs seis 5a see a Prd OP W W W 
Continental 
Underground ... 60 Prd UG 2.06 17 ,050 351 
Continental 
SULrLaCesccscssew TOL Prd OP 86 16,420 141 
Hillsboro 
(Copper Flat).%" 02 Exp OP W W W 
Nacimiento..ses2% 00 Ppd L 67 6,740 45 
PINOS ALLOS.s «seeenu4 Exp OP 2.00 7,000 140 
TYPONE secancceaoe Oo Peo OP 202 273,360 Wag 4! 
Prd Li 32 NA NA 
Tennessee: 
Copperhill 66 Prd UG/OP W W W 
Utah: 
Binenhate .sceeeae OF Prd OP -/0 1,396, 800 9,778 
Carr* POtCK. .009 255 UG Dev UG 1.84 532530 102 


See footnotes at end of table. 
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TABLE 3. — Property status, mining method, and reserve base data!’ 


ee eee a UU aUy UIE IE EIIENE SEER EIEN 





Map Status’ Mining Grade" Reserve base 
Property name index me thod (percent (thousand metric tons) 
No. ? copper) Mineralized Contained 
material® copper 
"T_T nee_—c—V—€CeCR_RRN_L_eeewwww@xe“e—_S 
Washington: 
SUNTUSE.ssceccses | 09 Ppd UG W W W 
Wisconsin: 
GLendON Asses sabes 1U Exp UG W W W 
Flambeatle...cceee. JI Exp OP 5-11 2,590 n52 
Exp UG Swe 2,850 86 
Pelican River.... /2 Exp UG 1.00 1,450 15 
Wyoming: 
Birwiile dase dite steny Jo Exp OP By Os 63,500 476 
Other properties... NAp NAp NAp NAp 3,018 ,920 15,960 
Total...... NAp NAp NAp -66 13,928,910 91,660 


TAdditional property informatiqn is given in table A-l. 

2Map index numbers refer to numbers on figure 3. 

3Status as of February 1979. Producing properties that have additional ore 
bodies with developed or explored status have: been labeled as such. 

“Units of grade are in weight-percent copper; copper grade from published sources. 
‘Demonstrated (measured + indicated) estimates from published sources. 


SUPPLY OF COPPER FROM DOMESTIC DEPOSITS 
' General 


Reserve and resource tonnage and grade estimates presented in this study 
are based on the demonstrated resources for each deposit. As illustrated in 
figure 2, demonstrated resources include both measured and indicated reserves 
and resources. The reserve base, established to estimate copper reserves and 
resources, is that portion of demonstrated resources that have a probability 
of economic availability. For 1978, the domestic copper reserve base is 
estimated to be 92 million metric tons of copper. Of this amount, an estimated 
56 million metric tons occur in the reserves and resources of mines that were 
producing at the time of the study, and 36 million metric tons occur in un- 
developed deposits and closed mines. 
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FIGURE 4. - Copper contained in domestic deposits at various copper ore grades, 


As exploration and development yield a better knowledge of grades and 
tonnages, portions of the material may be reclassified. Historically, 
domestic resources that can be produced economically have increased annually 





A Ms 


because of exploration and technologic improvements that enable the mining 
of lower grade material or the processing of material previously considered 
waste. Production from some deposits included in the study may be limited 
by environmental constraints. 


The domestic copper reserve base was derived by multiplying the resources 
of each deposit by the associated copper grade. Copper contained at various 
copper grades is illustrated in figure 4. Copper from some waste-leaching 
operations was not included in the reserve base because of low recovery 
factors and difficulties in estimating waste tonnages. 


Supply curves have been developed to illustrate total and annual domestic 
resources. These curves show the quantity of copper that is recoverable using 
current technology after all mining and processing losses are considered. 
Approximately 81 percent of the domestic copper reserve base is recoverable 
using current technology. 


Total Recoverable Copper 


Not all of the copper contained in an ore body can actually be recovered. 
Some ore may not be recoverable because of the mining method used. Other 
losses occur as the ore is processed through the concentrating, smelting, and 
refining stages. Recoveries vary widely from operation to operation. An in 
situ leach operation may recover only 30 percent of the contained copper, 
while a sulfide float operation may recover as much as 95 percent. 
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FIGURE 5. - Domestic copper reserve available at various copper prices. 
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TABLE 4. - Total recoverable copper available from producing, developed, 
past producer and explored deposits at various copper 


prices and at a 15-percent rate of return 
(thousand metric tons) 































Past producer Cumulative 
and explored 


deposits 


Developed 
deposits 


Producing 
deposits! 


Copper 
price 
(cents per pound ) 





Less than 50.... 10, 398 
50 =) 59.06 14,866 
60 “— 69... 20,467 
70 =— 79 er0-% 27,925 
80 -—- 89... 41,246 
90 - 99... 48,695 


100 ad 124. eee 
More than 124.... 


OCH dette ars 74,311 


Includes deposits that may be temporarily inactive. 


Figure 5 shows the total quantity of copper recoverable at various 
copper prices and at O- and 15-percent rates of return. At a copper price 
of $2.07 per pound, 74 million metric tong are potentially recoverable. At 
this price, all properties are able to receive at least a O-percent rate 
of return and many properties can operate at a profit. A price of $3.81 
would be required if all deposits were to receive at least a 15-percent 
rate of return. At the January 1978 price of $0.64 per pound, 24 million 
metric tons are recoverable at a O-percent rate of return and 20-million 
metric tons at 15 percent. 


The amount of copper recoverable at various copper prices from pro- 
ducing, developed, and past producer and explored deposits at a 15-percent 
rate of return is shown in table 4. Analyses indicate that a total of 47 
million metric tons is recoverable from properties that are currently 
producing, 5 million metric tons from developed deposits, and 22 million 
metric tons from deposits that are either past producers or have been 
explored. 


Annual Recoverable Copper 


The annual mine production capacity of copper at various price levels 
and O- and 15-percent rates of return is illustrated in figure 6. The curve 
is based on current and projected production capacities at producing and 
nonproducing deposits that were included in the copper reserve base. A 
copper price of $2.07 per pound would be required for all properties to 
receive at least a O-percent rate of return and supply the maximum 
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annual production of 2.8 million metric tons. At a copper price of $3.81 
all properties would receive at least a 15-percent rate of return. The 
expected annual production of recoverable copper at a price of $0./5 could 
be 1.6 million and 1.0 million metric tons at O- and 15-percent rates of 
return, respectively. These annual tonnage data indicate only the potential 
amount of copper that could be produced at a specific price for any given 
year. They do not indicate the duration of production or the desirability 
of actually supplying this annual production capacity. The curve does 

not consider increased annual production due to exploration and technologic 
improvements that enable the mining of lower grade material or the process- 
ing of material previously considered waste. 


It should be noted that an increase in production cannot be obtained 
immediately by increasing the price. The time required to increase produc-— 
tion depends on factors such as the relative location of the deposit and 
the necessity for exploration, development, and plant construction. Other 
time delays result because overlying mineralized material of significantly 
different grade or mineral characteristics, requiring a different mining 
method, must be removed prior to mining underlying material. Figures /7, 

8, and 9 indicate annual production schedules when these time delays are 
considered. 
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FIGURE 6. - Potential annual domestic production at various copper prices. 
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FIGURE 7. - Potential domestic annual production schedule based on copper prices of $0.70 
and $1.00 per pound and a 0-percent rate of return. 


Figure 7 illustrates the annual production capacity at copper prices 
of $0.70 and $1.00 and at a O-percent rate of return (break-even). This 
curve shows that at a copper price of $0.70, 1,240,000 metric tons of 
copper could be produced in 1984, with production quickly decreasing after- 
wards. At a price of $1.00, annual production could reach 2,450,000 metric 
tons before output would begin to decrease. 


Figure 8 shows the annual mine production capacity of copper at prices 
of $0.70, $1.00, and $2.00 per pound and at a 15-percent rate of return. 
A maximum of 885,000 metric tons is available annually at $0.70 per pound. 





RECOVERABLE COPPER (thousand metric tons) 
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FIGURE 8. - Potential domestic ‘annual production schedule at various copper prices 
and a 15-percent rate of return. 
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If copper price were to remain constant at this price, annual production 
would begin to decrease in 1984 as deposits become depleted. Within 30 
years, annual domestic production would drop to 400,000 metric tons. 


At a copper price of $1.00 or $2.00 per pound, much additional copper 
would be available. A maximum annual production of 1,830,000 metric tons 
would be possible at a price of $1.00 per pound and 2,635,000 metric tons 
at $2.00. 


Figure 9 shows the annual amount of copper available at a price of 
$1.00 per pound and at a 15-percent rate of return from currently producing 
mines and from mines that are not now producing. Maximum annual production 
of 1,830,000 metric tons would be reached in 1983. As shown on the graph, 
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FIGURE 9. - Present and potential annual domestic production schedule based on a: 
copper price of $1.00 per pound and a 15-percent rate of return. 
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at this price most of the copper is available from mines that are currently 
producing. Annual production from producing mines could reach a maximum of 
1,485,000 metric tons within 1 year but would drop to 1,040,000 metric tons 
within 20 years. Nonproducing mines could be developed to produce 340,000 
metric tons by 1983, with production from these mines dropping to 200,000 
metric tons in 1993. 
ANALYSIS OF RECENT DOMESTIC COPPER PRICES, COSTS, AND DEMAND 
Copper Price and Capital and Operating Cost 
Since 1965, the price of copper has increased from $0.35 to $0.67 per 
pound, an increase of 4.7 percent compounded annually. However, in constant 
1978 dollars, copper price has actually decreased. This is illustrated in 
figure 10. Using the implicit price deflator for gross national product, 
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FIGURE 10. - Average annual copper price in actual dollars and in constant 1978 dollars. 
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FIGURE 11. - Comparison of copper price index and mine and mill capital cost index. 
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average annual copper price was converted to constant 1978 dollars (9). As 

shown on the curve, the average annual constant dollar price of copper rose 

trom sU.i2 per pound in 1907 to a ltiplt of 51.01 in’ 1974; and then dropped to 
a dow of 60067, on. 31978.. 


A comparison was also made between copper price and mine and mill capital 
cost. The year 1965 was established as the base year, and an index of 100 was 
assigned. Indexes for copper price were determined by dividing the actual 
dollar price for each year by the average 1965 price and multiplying by 100. 
Indexes for mine and mill capital costs were determined using the MAS cost- 
updating method (8). Cost indexes for mine and mill capital cost were calcu- 
lated and averaged to arrive at the indexes used in this study. Results are 
shown in figure ll. 


Between 1965 and 1978, mine and mill capital costs increased 135 percent, 
an average of 6.3 percent compounded annually. Mine and mill operating costs 
increased at about the same rate. However, during this period, the price of 
copper increased only 90 percent. As a result, domestic copper producers were 
unable to totally recover increased costs by passing them on to the consumer. 
Because of this, many mines implemented other means of increasing revenues or 
lowering costs. These included 


1. Mining high-grade ore. 

2. Laying off employees. 

3. Temporarily shutting down. 

4. Implementing more efficient processing techniques. 


Because of high costs and low prices, several mines have been forced 
to curtail production. Other producers have had to operate at a copper 
price that did not provide an adequate profit. The increases in copper 
price that occurred in early 19/79 should increase the profits of producers 
and encourage development of additional deposits. 


It has been estimated that the capital cost per annual metric ton 
of refined copper now ranges between $7,200 and $7,700 (4, 10). This 
cost includes bringing the mine into production and the plant and equipment 
required to process the copper through the mining, milling, smelting, and 
refining stages. Based on this estimate, an integrated operation capable 
of producing 100,000 metric tons of refined copper per year would cost 
$720 to $770 million. Based on the capital cost index discussed above, 
this same plant would have cost $300 to $330 million in 1965. 


Mine and mill operating costs are more difficult to estimate. These 
costs sometimes differ greatly, depending on factors such as capacity, loca- 
tion, ore grade, rock characteristics, and type of operation. Using the 
data developed for this study, estimates have been made of the direct and 
indirect operating cost for mining by open pit and underground methods and 
for concentrating the ore. The 1978 operating costs used in this study for 
open pit and underground mining averaged $2.41 and $8.61, respectively, per 
metric ton of ore. The average 1978 operating cost to concentrate 1 metric 
ton of ore by basic flotation methods was $2./9. 
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Environmental Costs 


According to industry information, pollution control expenditures 
have added significant costs to the copper industry in recent years- Most 
of these expenditures have been for the purchase of pollution control equip- 
ment at copper smelters. Since 1969, the Cities Service Co. has spent $48 
million for pollution control systems at the Copperhill operation (5). The 
Inspiration Consolidated Copper Co. has spent $/0 million on pollution 
control equipment at its Inspiration, Ariz., smelter (6). 


Several sources have estimated that expenditures for pollution control 
equipment have added 15 cents per pound to the cost of producing refined 
copper (1, 10). Because of the depressed copper price in recent years and 
the oversupply of copper, producers have been unable to pass this added 
cost on to the consumer. Unlike the domestic industry, most foreign pro- 
ducers have not had to implement pollution control measures. As a result, 
copper produced in other countries has a cost advantage over U.S. production. 


Domestic Demand for Copper 
Between 1969 and 1978, 67 percent of U.S. copper demand, excluding 


stock changes, was met from domestic mine production, 21 percent from old 
scrap, and 12 percent from net imports. During these years, total U.S. 
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FIGURE 12. - Annual recoverable copper available from domestic deposits over a copper 
price range of $0.50 to $1.50 per pound. 
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demand for copper averaged 2,012,000 metric tons per year. Of this amount, 
1,337,000 metric tons was from domestic production, 427,000 metric tons from 
scrap, and 248,000 metric tons from net imports (7). 


Using the curves derived in this study, the copper price required 
to meet various levels of supply can be predicted. Figure 12 shows the 
available annual supply of recoverable copper at prices from $0.50 to 
$1.50. . Forty-five deposits would be able to produce at a price of $1.00 
and receive a rate of return of at least 15 percent. 


The break-even copper price (based on a weighted average of capacity 
and cost for each property) was $0.66 per pound in 1978. This was about 
equal to the average market price during the year. In January 1978, copper 
was selling for $0.64 per pound. Analysis indicates that at this price, 
only 12 properties could produce and receive at least a 15-percent rate of 
return. The combined annual recoverable copper available from these 12 
deposits is only 733,000 metric tons. At the beginning of July 1979, 
copper was selling for about $0.85 per pound. At this price, assuming 
no increase in costs of production, 22 additional properties could 
produce and receive at least a 15-percent rate of return. 


For U.S. producers to meet the average 1969-78 annual domestic pro- 
duction of 1,337,000 metric tons and receive at least a 15-percent rate 
of return on their capital investment, a copper price of $0.82 per pound 
is required ($0.72 at break-even). If the United States were to produce 
the additional 248,000 metric tons that were imported each year over 
this period, a copper price of $0.88 per pound would be required at a 15- 
percent rate of return ($0.76 at break-even). 


CONCLUSIONS 


Seventy-three domestic copper properties have been analyzed to deter- 
mine the quantity of copper available from each deposit and the copper price 
required to provide each operation with O- and 15-percent rates of return. 
The 1978 domestic copper reserve base is 92 million metric tons of copper. 
Of this amount, an estimated 74 million metric tons are recoverable using 
current technology. 


A copper price of $2.07 per pound would be required if all properties, 
producing and nonproducing, were to at least break even. This price in- 
creases to $3.81 for the properties to receive at least a 15-percent rate 
of return. The average break-even copper price for properties producing 
in 1978, $0.66 per pound, was about equivalent to the average selling 
price for the year. At this price, analyses indicate that only 25 prop- 
erties could either produce at break-even or receive an operating profit. 
Of these properties, only 12 could receive at least a 1l5-percent rate of 
return. 





26 


Annual domestic copper production from 1969 to 1978 averaged 1,337,000 
metric tons. Based on the results of this study, in order to produce at 
this level and receive at least a 15-percent rate of return, a copper price 
of $0.82 per pound is required. If the United States were to produce the 
additional 248,000 metric tons that were imported each year over this 
period, a copper price of $0.88 would be necessary. 

Analysis has indicated that increases in copper price are required in 
order for many domestic deposits to continue to produce. Many U.S. producers 
cannot continue to operate at a copper price that has not kept pace with 
inflated operating and capital costs. Assuming copper demand and other 
market conditions warrant it, the increases in copper price that occurred 
in early 1979 will help provide the additional revenue necessary for 
many operations to continue producing and should encourage companies to 
begin developing other properties. 
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TABLE A-l. - Ownership and control of domestic copper properties 
(Information as of April 1979) 
Mine name Map Domain Type of mineral Owner/operator Status Percentage of 
oe a holding ownership 
No. 
Alaska: 
Arctic Camp...e-. aaa = Bureau of Land Located slain. swiss. s.0s.+ che «te Beare Creek Mining) Co.-(subsidraryhor Owner-operator.. 100 
Management. Kennecott Copper Corp.). 
Bond (reets.«.. - Ziaees aye) ClO snes atete sa /olaiaie wire. wie Cl itiaite’ as ecnia Rye a a) Svehe egies Miso MN wings siGlOin 6) = io laratete's (0) aMe eleieatare tities oeiehs tt -< as odes vcce siscais 100 
Orange Tal les scan ates pie GLO eas! ahabe 5) 5: «aifete Located Glarmr =apatenteds... om Wal lace MaGregor. . see. «5s clk es6 <6 ste sta oe edOccesceesees 100 
Bowie tale staticleeelels sh 35 Sie oO Nate eats s)si sistas Located claim. ..'.s.trscesesn0)) Bear Creek Mining Go.( subsidiary of bis. © UQieteee «ie « sisi0 ole 100 
Kennecott Copper Corp.). 
Brady Glacier.... Heres National Locatedveliaim =—patentéd..&. Newmont Exploration Ltd aes «sec cts tte Operatorecececoee 0 
Monument. Numerous miscellaneous ownerS....ecseee OWNET ess cccccecs 100 
Yakobi Island.... S6e8 National Forest... Locat 6d) Claims siecescsss dade ee LUSpiration Development. Cos, ... 2... Owner-operator.. 100 
Arizona: 
Bag Gad. steps leis «lens '« Gute. Rinividli bes siete «=~ wie PAtCCNEed Me swttenitas acc awe » tere Oe Cypras Mining COLD ater vis ckete oie)» susie ts ee cine v0 dOvcsccesccee 100 
BiWieGibaaedie. swe stele « dBase National Forest.. 00 edOe cen ccccescceseevecessee Ranchers Exploration and Development Bias distress! sie wile: obs 100 
Corp. 
Casa Grandes... Baste BE Eva ECG silts ev sete Leasine —"private® ownership. 1. Casa “Grande Copper [Coss <<< cape siecle « OperatoOreseecees 0 
Zemube Hania Mindings Cor, severe = wikis iels.«/stens OWNET se oecccceeee 50 
SeNGeI ty. OAL MG Orerete etn Petes cats cane alein etate) ncn ere aC ieteleeiareriets (ovate 50 
CHES EMAGs » « see's CIB ones Medea ders Ges <1 ses Located* Claim se.ccevsseteees | LUSpiration Consolidated. Copper iCO. sir Owner-operator.. 100 
Copper Basin..... NO are = Private. sec ese ues Patented — Federal lease - Phelps Dodge Corp. c.cccccccccavsccens 0 edOceceverecces 100 
fee ownership. o2edOwcvccoceces 100 
Cyprus Johnson... ee ee miss CLO's, wees 6:5) 6 eine PAECHEC eis asiess sev sevice eee Me CYDLUS Johnson GopperaCOn.s sie. lcqs'« stele as oe edOe pecccesese 100 
Dubacher Canyon.. D2 acs fone GOle ele olels (ats viete State lease - private lease... Occidental Minerals Corp.......scseee. OMS cecnon sae. 100 
ESPCTanZae eeeosee HEB YS, 5 PLiVat@scccssscene Patented — located claim..... Duval Corp. (subsidiary of Pennzoil Owner-operator.. 100 
COnD)s 
Florence Conoco.. 4 st. < SEAEC cabs te we sees Located claim - other - Continental Oil Co. Minerals Inc...... oe ede cenccceene 100 
state lease. 
Helvetia Hast.... LSA Bederals . s,< 6s. «(a Patented - fee ownership — ANAMAX Mimidimee CO's stele olere steterss\ eel siete sus OWNET. 2 ce ccccece 100 
located claim. 
Helvetia West.... Oster IPSN EE aA CeO ae Patented —- located claim..... Inspiration Consolidated Copper Co.... Owner-operator.. 100 
PMS pPiieate OM. > shee s LH tens at + CO's. aie. ugate: 56) < sats Sin CO's cute s OM othe cetera. wince tous anthe ache Mc Gee LOe os 4 cette olete aiats cre vis: a also niet eittennne le anys O's a elears ereistaie 100 
Lakeshore........ TOs. Indian Private lease. sense «isis <inis stele UL NODATGA cuisine wisls eleys cis ais aisitic sis 0 sisi eiieie winis OWNE Le ceecccvcce 100 
Reservation. 4 
Magma (Superior). 19... Private.......... Patented —- fee ownership..... Magma Copper Co. (subsidiary of Owner-operator.. 100 


Newmont). 
Metcalf. «sie» mee POS cc cori miboo SooGnc Fee OWNETSHIPp..scecccscecesess Phelps Dodge Corperccicccccccvescccces oo edOcccecccvccs 100 
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Miami Hast..ccccoe 
Miami Leach.....e. 
Minéral Park..... 


Mission 
San Xavier. 
MOLTENGL Wwccacscece 
New Cornelia 
CAROD)s 
Oracle Ridge..... 


Ob emishus A acor OO 
Palo Verde. csccece 


PEACOCK. < sslecic ies 
22 ECE CICERO CACC RORCRONC 


PA MEOMV aL LO Viers <0 
RAY eo rcccscccccves 
Red Mountain..... 
Sacaton, East 
and West. 
Safford Inspir- 
ation (Sanchez). 
Safford 
Kennecott. 
Safford Phelps 
Dodge. 
San Manuel 
Kalamazoo. 
SELECT Dawe c/s16's ccc 


Sddiver—-Bellecsess-e 
Twin ButteS.ecreces 
Van Dyke..cvceees 
Wes aS sie site oe 


California: 
Lights Creek..... 


21l.ee 
22.06 
236.0% 
24.06 


2500 
26.06 


27 eee 


28.0% 


Zens 


30... 
31... 


Bisse 
BStanere 
Salers 
Site a 
Olemets 
SWikeneite 
BGicie = 
DO rasre 
UI 
Aleerexe 
ee wena 


AB. es 
44... 


Gia ei6 


AGO Sia Sara dae aro 
56 OO BO MOOOC eee 
Sle O\e's eeilvieis icles’ e. 


MEEXG Cleve re:stieveiarwie eee 


PEUVAaECR 6 606.010 eee 


wis) oC Giete wie atarlece [oteie ie 
rete Ch leliehelelterelelpie isis 
Mixed. scoasrccceoe 


PLiVatGecccwscevce 


SHORES SGU ORADCEO 


Mase dis sits taleters seis ies 


PERV aC. clsletel ease 
Me TeIClO laveteranalaverte leiteene 
National Forest.. 
See PeG.6 Gocor crmaD SG 


PEIVALC. ceacocccs 


euedDereccescecce 
Mia vatl Oleiais)evalia’aliol'e) sl ote 
SUT CGMS Ces ey Cicacne) s0n0 
S Goel npotmolo ode 


Fe Gs -otetatiote aie states 
aaclOowminicrcich omer Ro 
Municipality..... 
Indian 
Reservation. 


Mixed. ccecccecsecs 


PAECNEA| «0.0 0.00,0:0.0,0,0,010.0\0,0,0,0,8.6 
eiaiarCl Olen ite aici isla in alma oles eieile.s:is lake 


OIE CRS KOE ID CORPO CO CRONE Orc er erp) 
Patented — lease. cccaseccccece 


Fee ownerShip.cccecccccccssce 
Patented — fee ownership..... 


Patented —- located claim..... 
Woyeyersel (isin Gouden OCCU 
State lease - located claim.. 


REA Vater GalSeoleretereiens susie/eleisieleis 
Patented — state lease....... 


Patented — located claim..... 
Patented — fee ownership..... 
Federal lease..secccsecceseess 
State lease —- fee ownership... 


Fee ownership — patented..... 
siaie Cl Oteierel eteleletelehenacusiaieleieiais ee 4) #16 
Rebs iOicre oleic cle leletaie eyelets leis 6 e600 e 
Patented - state lease....... 
Patented — located claim..... 
Patented. wscccccvccccccsscesse 
Patented -— located claim..... 


Private Teasers. scccscececcns 
Federal leaseeccsusccccccccece 


Located claim - patented - 
private lease. 


Cities. Service COccccccccccccccccccses 


sieqelCl Oekaunit ake ,syelnieie oles iaiclaia/ win~eiain th s\ake s iaisieies 


Duval Corp. (subsidiary of Pennzoil 


GomDis 


ASARGO, INC. ccc cccccccccccccscwvcccsvcee 


Phelps Dodge Corpececcevescseecccessers 


o: ova CLO clays reususel busi stelelie Vie ielelsimisiaialeies| © «-o/.'siin, 6 


1. Continental Copper - Continental 
Materials Corp. 
2. Union Copper - Union Miniere....... 
Inspiration Consolidated Copper Co.... 
1. ANAMAX Mining Co..cecccccescccveees 
PI INS NRC bate mic pO COO TOMOnTOS OG Oe 
Producers Minerals Corpeccccccesecsees 
1. Cyprus MineS InCeeeeeescccesvcseees 
2. Utah International (subsidiary of 
Gab aeGOEpe)s 
re Uno OME ICOL ps once sleeve e belly ole'elevele 
Cities Service COcseccccccesevevessece 
Kennecott Copper Coceeccvesescvecsecee 
Kerr—McGee Corpecccccccccscccessccccee 
ASAR COs, s TH Cle cisye mls eie.age7c oielt) sels ss ss isis) 506 © 6 


Inspiration Consolidated Copper Co.... 


Kennecott Copper Coceeseceesvevceseves 


Phelps Dodge Corpecececeecceccvceesees 


Magma Copper Co. (subsidiary of 


Newmont). 


Duval Sierrita Corp. (subsidiary of 
Pennzoil Co.). 

ASAR'COS IMCs sissccccccenecccenacesces 

ANAMAX Mining COcscccccccecccecrcccccs 

Occidental Minerals Corp.cccesecccvoce 

1. Newmont Mining Corpecccececcecccoee 

2. Superior Oil COceceececcsverecesves 


Placer AMEX, 


UNG s eiece lore) eisiale! Siellaisimieleree) eee 


4 © Ole wie. 616-8618. ere 
enol eA Oler eee nena diate 


«0/150 wieneiaielersasinis 
erielte/ Ch Ola.c efateie eo ieielere 


aieeG Olsieisiaie si cise % 


ela a A Oisetetatele sharetwle 


wie oGOleieia e's: e\e oielms 


OWNE Le cccccvcces 
Owner-operatore. 
OWNELeeeceeesees 
Owner-operatoree 
oc edOcsrcvcecees 
oe edOecrcccvcese 


OWREE occ eles siniow 


oe edOveecsccecces 
Owner-operator.. 
o 1 edOccvvccvccce 
sare Oise oe «vie 6 666 


00 WdOccvccvcsses 
OWNETeeveecccece 
oe edOcecvccccese 
Owner-operator.. 
oe edOeeacccceees 
oo edOeccccecvece 
oe edOeccccscccee 
oe edOccvcccvcces 
oe edOecccccccoes 


wie ni AO eielass) sy o0vb a) oe 


OWNCLeecccccccce 


Owner-operator.. 


100 
100 
100 


100 


100 
100 


DS) 


45 
100 
50 
50 
100 
50 
25 


25 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


51 
49 


100 


62 


TABLE A-1. - Ownership and control of domestic copper properties! - Continued 
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Mine name Map Domain Type of mineral Owner/ operator Status Percentage of 
ind holding ownership 
: No. 
California - 
continued: 
Walker. ..cccccece 46.2. eusdOe svsweceves . Located claim — patented..... Calicopia Corpeccccccsscssnscccscceces OWNELeccccccsece 100 
Gont mente OL MCOm cea were he sahalc: esters ae Operatorecseeees 0 
AMAKSRLaiGiareeigiscets)4:eip bs 8 ee Won in's os @ mip: sane 5.6500 Ow tepeseun i 0u0 ase 0 
Michigan: 
Presque Isle..... Lee es States Park’ oases Private lease — minerals Ps AMAXS “ThiGaivespo0ens cane ste skew e male. e Owner-operator.. 85 
only. 2. Copper Range Co. (subsidiary of OWNET sie a08 6s 6 ee iS 
Louisiana Land and Exploration). 
White Pine....ss. A Scare PELVAEC ce csc ce cee Private lease - fee owner- Copper Range Co. (subsidiary of Owne r-Operatore.s 100 
ship - minerals only. Louisiana Land and Exploration). 
Minnesota: 
Minnamax.......s. BO. oe Pe iea allies eet ainiei sai State lease - private AMAX, INGecvwcsncsscrciecaseesseovcsecss 00 cdOssesccscnse 100 
lease - Federal lease. 
Ply Ropruce= as. 6 > 0 os Ba aC Ore aicis)s nae e wise Private lease - Federal DWrernatiomads NLeKe'l PCO. we octec nla 'ee sens « sie CO ese eieiw ereteree 100 


lease - fee ownership. 


Montana: 
SULCAE Gl etletiar elie sieloreieisie Ss Ge PETVAUC ssicje se cis.s « Private lease - patented - The Anaconda Co. (subsidiary of ARCO). Bro OO ORIOL 100 
fee ownership. 
Heddleston.....e.6 Se National Forest.. Patented - located claim - 00 edOn veers rem scccesncscesseresesconsne 60 AO a 6 oa aus 6 He 100 
private lease. 
Stillwater.....0. Soria Mixed ccscess «ce Patented - located claim - COCA cca dceeeesworese ss COS e eee Cua SAS Se edOcasrssccccves 100 
Federal lease. 
TLOYecccccesccces 54S ee National Forest.. Patented - located claim..... 1. Bear Creek Mining Co. (subsidiary OWNE Le occcvcccce 100 
of Kennecott Copper Corp.). 
2, ASARGO, ING. bic cccesesdoudenentcsedc OperatoLeccevece 0 
Nevada: 
FIcd lstfote\etay et sitsieveie sie lates IMELRC! isis ataterel sities se Located claim - patented..... The Anaconda Co. (subsidiary of ARCO). OWNETers.ewwiciclere 6 100 
New Ruth.....eee. DOs. > Picts C eieralene\sisiete.s EAGOHECC a jelcacles el asiennreaeae< PKONMCCOLE SCOP pels pGOTp ss sletsvaterserereierstcleies Owner-operator.. 100 
WACEORDL As cis 00's o6:0 rates BOS Ta CLO; dane rercravsceie ais PeqdOdsadayeasdngecseacedeca. plLheganaconda sco .m(subsidtarysoreARGO)) Sed Osadedw ste aies 100 


NOr INP EON s 0s wee « iSite! Biers Oie. ave aleie.eca:a era's Sols lO aie ovine © ai aje siete] esejsyelereepcjareie! fieiee\A OW vusis/ereietele alsie\e)eleiei ol diciciel sisyale) sleidiel dsl cle ate @ aia a es) everayes are 100 
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New Mexico: 
CiANOn 6 6 sscle 6 6 c0.0 


Continental 
Underground. 
Continental 
Surface. 
Hillsboro 
(Copper Flat). 
NacimientoO....ec. 
PINOSHA LEOSIe 6 elec 


TYFONC. eevccccvee 
Tennessee: 


Copperhill....... 


Utah: 
Bingham. .cecccece 
Carr Fork. .scococe 
Washington: 


SUNTISC«scccsccece 


Wisconson: 
GANGOM stevaretersis isles 


PYAMDE Aste s «ie see. 


Pelican River... 


Wyoming: 
Kirwinesccevcveee 


59.2 


60... 


61... 


62.06 


63... 
64... 
652+. 


66.6. 


670s 


68... 


69.06 


O'ete 


Tle 


UBD 


USO 


isis Olsralelole siete eielels 


wots A Olstelslerelelolevereisye 


vaieCl Oletellelevereterele! sieve 


alate CiOleiel ele lerereleveiele)e 


MAE EU a a)siclert eels ele 
National Forest.. 


PLAVAEC Me. osc wae e 


wie lei Olsioiele aie leneia’e) 6 


PYrAWalG esis sale lenses 


picts Olstavaieanteletelsleiore 


National Forest... 


EVA ce letetel el elete siele 


aretal Olena starelerenciecetena 


aiekelC Oteieraveneierenete ere 


S eieihOvstelenenelacets (heals 


PEGHOWNETSIIp's « ciclc'sleis/els aisles s 6 
Patented —- fee ownership..... 


Fee ownership —- private...... 


Fee ownership - private 
lease. 


Patented —- located’ claim..... 
Located claim - patented - 


fee ownership. 


Fee ownership — patented..... 


NECMOWME ESL picteisicisis o/s elsie sie see 


PAE Cine Geretalele cic = c1e-cssterereisversl ete e 


Sel aiGl Olsteloleqero ete exeterevelclere aie cer suereverte 


Located claim - state 
lease. 


Fee ownership — private 
lease - minerals only. 


PEeMOwNe TSI d pists siciel sss ess cle)e 66 


Fee ownership — private 


lease - minerals only 


Patented — located claim sce. 





T additional property information is given in table 3. 


2 Map index numbers refer to numbers in figure 3. 


Chino Mines (Division of Kennecott 


Copper Corp.). 


[Visits Cd CS te LINC eveneveronelelersio.oerelereccvstere ate 
sre eC Oleic oobi one's e eae eel evevele af ereieiaterstelelscersT eves 
Quintana Minerals Corps. .<csss cies ec cice 


Barth Resources Cossccccecccccsccessce 
Exxon Minerals Co. U.S.A. (subsidiary 


of Exxon Corp.). 


Phelps Dod'Ser COLPiiesicteis sels w'e)ele s/sjelsis oct 


Cities Service Co. - Copperhill 


Operations. 


NENNECOL Ee COP pen mCOlspislere ele clereleleletelelelelere 
The Anaconda Co. (subsidiary of ARCO). 


International Brenmac Development 


Corp. 


1. Exxon Minerals Co. 


U.S.A. 


(subsidiary of Exxon Corp.). 
2. Chicago and Northwestern 


Transportation Co. 


aa COnner Pores. indus trues ersicisies cers 
Wor Ghar tes Mil al KO eresstelelers speleraiele ies wiera 


Flambeau Mining Corp. 


(Division of 


Kennecott Copper Co.). 


I. Noranda Exploration Inc......cse0 
Za Gonsolidated Paper” InGcr aa sla ciele ce 


AMAT Inca testa ces Cina eree erence 


oe cdOccccccccces 100 
steve dOlssie\sistele siete 100 
oe) aC! Ofene! selene ie] siaie 100 
Seis Oe seis ele cielelere 100 


SOOO MOO. GOS OS 100 
QWileere sieis ie! sreroiere 100 


Owner-operator.. 100 


sree AOeieiewicretstsiestaneun mt OO 


Owner-Operator.. 100 


20 edOcesvesesece 100 


ais je Overs e's ereleubinvaie 100 


oe dOeeecccccves 10 


OWNETeccccccccce 35 
whale COlsielelealeterainiers 32 
os sD Oe.e «00016 0 oe 6 20 
Owner-operator.. 100 
Operatorescsesees 0 
OUTS Tislowie swislalerets 100 
siete Cl Oletets'eis)sivieisrs = 100 


Le 
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